Land use & land cover change detection in rapid growth urbanized area have been studied by many researchers and there are many works on this topic. Commonly, settlement sprawl in area depends on many factors such as economic prosperity and population growth. Iraq is one of the countries which witnessed rapid development in the settlement area. Remote sensing and geographic information system (GIS) are analytical software technologies to evaluate this familiar worldwide phenomenon. This study illustrates settlement development in Sulaimaniyah Governorate from 2001 to 2017 using Landsat satellite imageries of different periods. All images had been classified using remote sensing software in order to proceed powerful mapping of land use classification. Maximum likelihood method is used in the accurately extracted solution information from geospatial imagery. Landsat images from the study area were categorized into four different classes. These are: forest, vegetation, soil, and settlement. Change detection analysis results illustrate that in the face of an explosive demographic shift in the settlement area where the record + 8.99 percent which is equivalent to 51.80 Km 2 over a 16-year period and settlement area increasing from 3.87 percent in 2001 to 12.86 percent in 2017. Accuracy assessment model was used to evaluate (LULC) classified images. Accuracy results show an overall accuracy of 78.83% to 90.09% from 2001 to 2017 respectively while convincing results of Kappa coefficient given between substantial and almost perfect agreements. This study will help decision-makers in urban plan for future city development.
Introduction
The earth's surface passes through rapid land use & land cover (LULC) changes.
Land use commonly refers to the modification of earth's surface through human activities for decent urban management due to various socioeconomic activities and natural phenomena while the land cover illustrates the physical manifestation over the ground [1] . There is no doubt that the growth in population, socioeconomic, political and cultural, plays an important role in land cover change, thus, resulting in an observable pattern in the LULC over the time [2] .
Nowadays, rapid urbanization rate in most of the developing countries is on the priority of global problems, while this phenomenon has a significant impact on future environment and urban planning processes [3] [4] [5] .
Sulaimaniyah Governorate like the rest of other cities in Kurdistan region of Iraq encountered in the last 16 years rapid expansion in the urbanized area due to high population growth rate and economic prosperity [6] . Remote sensing and GIS technique are the main applications that attempt to use in direct desktop mapping for temporal analysis and quantification of change in LULC with better accuracy in less time and low cost and [7] [8] .
Landsat data enhanced imageries in the world with the ability of frequent revisit. Different satellite image sources are used in previous studies in land use classification to achieve historical trends of land cover changes [9] [10] [11] [12] [13]. Satellite image selection in different acquisition dates affects the results according to the vegetation life cycle [11] , classification of satellite image over the time for the same area effect on change in class's area according to vegetation growth and welting on the bare soil. However, all selected satellite images in this study refer to the same season over the years to avert detecting false changes in the land cover due to vegetation phenology [9] [11] [14] [15] [16] .
Maximum likelihood is a supervised classification method and was used in this study to detect LULC change to present how the land use has been changed from the year 2001 to 2017. Each pixel in classified Landsat images varies according to land cover changes over the time [2] . Frequently, selected data during imagery classification preferred in approximately within the maximum vegetation growth during the annual season [14] [16] . Remotely sensed classified image requires accuracy assessment to prevent certainty limits for the results [17] [18].
Accuracy assessment widely used in classified images by comparing the Landsat image with the results within quantitative evaluation, which is impossible to be implemented from visual evaluation [15] To achieve this objective, random sample points are located within geographic information system (GIS), accuracy assessment between each of reference Landsat images and classified images implement a confusion matrix (error matrix).
Iraq witnessed successive wars leading to economic, urban and human recession affecting all regions, including the city of Sulaimaniyah. According to food security and vulnerability in an in-depth survey of Sulaimaniyah Governorate after the events in 2003, Iraq witnessed a huge economic boom; Sulaimaniyah's economy today relies on tourism, agriculture, factories, trade and construction development [29] .
There is no doubt urban that development will affect the environment and global climate by losses in vegetation biomass, deforestation and land use change from areas with high probability of urban expansion [30] .
This study is an attempt to assess the status of LULC change with the development of settlements in Sulaimaniyah governorate to detect the rate of land use and the changes that have occurred over the past two decades using geospatial techniques.
Study Area
Sulaimaniyah Governorate is located at the North East of Iraq Figure 1 Table 1 represents the available Landsat imagery with a spectral band used in this study. All required satellite imagery for the study area was downloaded from the official site of USGS earth explorer. The city plan was obtained from the Sulaimaniyah municipality corporation as a shape file of study area.
In this study, the remote sensing software ENVI 5.3 was used for image processing. During the process, the imagery geometrically corrected through pre-processing calibration, which consist of atmospheric and topographic correction Journal of Geographic Information System The pre-processed images were classified considering a supervised classification method. In this technique, the maximum likelihood was chosen which is based on Bayesian theory in estimating parameters of a probabilistic model [33] .
Each pixel assigned for a class according to its probability. Mean vector and covariance metrics are the key component of maximum likelihood classification that can be retrieved from training data (signatures or region of interest ROI) [7] [14]. All data were used for this study were projected to the Universal Transverse Mercator (UTM) projection system with WGS 84 reference system. Figure 2 shows schematic workflow steps for land use land cover change LULC and accuracy assessment.
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where;
OA: overall classification accuracy; C: number of correct points; A: total number of reference points.
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where; r: number of categories (Classes); N: total number of point (observations pixels); x ii : number of points on row i and column i; x i+ : marginal total of row i (from overall confusion/error matrix); x +i : marginal total of column (from overall confusion/error matrix).
Accuracy Assessment
Cohen's Kappa coefficient (K) is a strong statistical method used to measure the agreement between predicted and observed categorizations of a dataset. This statistic method is useful, especially in predictive accuracy of classification [36] .
Random sample points were used in post-classification for accuracy assessment, 470 random sample points are located by Arc-map software then all points labelled under their category type in the classification. The reference points were compared with the classification results at the same locations. The output point shape file or feature class that contains the random 470 points was computed in the confusion matrix to ensure that each point had a valid class asset values for the classified and ground-truth point [14] [20] .
The producer accuracy and user accuracy for each class calculated from the matrix as well as an overall kappa index of agreement. When Kappa coefficient is equal to (1.00) it means perfect agreement and if the value close to (0.00) it means poor agreement. Table 2 represents the rating criteria of Kappa statistics [33] [37] . User accuracy represents the probability that a pixel classified into a given category actually which represents that category on the ground [38] . Journal of Geographic Information System 
Results and Discussion

Classification Results
Four land cover classes identified from maximum likelihood classification. These classes are forest, Settlement area, soil, vegetation and as shown in Figure 3 .
Classification results gave the LULC raster image of the selected area, it is possible to calculate the area for each class separately according to pixel geometry and statistical distribution of pixels through the study area. The change detection in different LULC categories in the Sulaimaniyah Governorate from 2001 to 2017 as illustrated in Table 3 .
Accuracy Assessment Results
The accuracy report from the matrix of all classified images is tabulated in Table   4 . 
Change Detection Analysis
During the Maximum likelihood classification result gave the raster image, Settlement area calculated according to the pixel geometry from Table 1 
Conclusions
In situations of rapid land use change, the classified images provide detail information to understand the land use and land cover of the study area. Settle- The main influence on land cover changes comes through the variety of interlinked factors which are the population growth and economic prosperity.
